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1. Introduction
Limited evidence suggests that electrodermal activ-
ity (EDA) at acupoints and meridians is distinct from 
EDA in nearby tissue(s) [1,2]. A few studies also 
suggest that skin conductance (or its reciprocal, 
resistance) at acupoints correlates with clinical di-
agnoses [3−8] and with therapeutic outcomes [4,9]. 
Whereas EDA at palmar sites has been validated 
and is extensively utilized by psychophysiologists in 
stress and emotion research [10,11], acupuncturists 
measure SC at acupoints for a different, as yet un-
validated purpose, based on the 1950s work of Voll 
[12,13] and Nakatani [14]. Acupuncturists use 
electrical skin conductance (SC) at acupoints to 
identify which of 12 classically paired acupuncture 
meridians are out of balance. These SC measure-
ments then inform the clinician’s treatment plans 
and assist in monitoring therapeutic outcomes. Al-
though SC at acupoints may prove to be a valid di-
agnostic aid and/or quantifiable outcome measure, 
more preliminary research is needed to characterize 
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SC at acupoints including determining the accuracy 
and reliability of commercially available measuring 
systems, obtaining interexaminer and intraexaminer 
agreement among users of each system, defining 
normal physiological variability of SC at acupoints, 
characterizing SC at various acupoints compared 
to nonacupoints in the general population, and cor-
relating SC with both acupuncture and western 
medical diagnoses and outcomes.
In order to exploit the potential utility of SC 
at acupoints as an outcome measure in clinical tri-
als we, at the Helfgott Research Institute of the 
National College of Natural Medicine, have initiated 
a program of research to define electrical charac-
teristics of acupoints. To date we have evaluated the 
accuracy and reliability of commercially available 
and custom-built skin impedance instruments [15, 
16]; documented 24-hour physiological variability of 
skin resistance at acupoints in healthy volunteers 
[17]; and evaluated interexaminer and intraexaminer 
agreement among examiners using the AcuGraph 3 
Digital Meridian Imaging System (manuscript under 
review with Acupuncture in Medicine).
We are currently collaborating with Miridia 
Technology, Inc. (Meridian, ID, USA) to analyze an 
existing database which consists of SC measure-
ments recorded by the AcuGraph 3 Digital Meridian 
Imaging System between June 2005 and March 31, 
2010. The dataset includes recordings collected by 
804 AcuGraph users from more than 50 countries 
worldwide who completed 117,725 SC examinations 
on 43,088 patients. The objective of this report is 
to summarize findings from a final scrubbed data-
set of 8637 first SC examinations on as many indi-
vidual patients collected by 311 practitioners. We 
will compare SC recordings at the 24 Source (Yuan) 
acupoints (Figure 1) and analyze influences of age, 
gender and time of day on these recordings.
2. Materials and Methods
2.1. Skin conductance measuring system
The AcuGraph 3 Digital Meridian Imaging System, 
a computer software and hardware system devel-
oped by Miridia Technology, Inc. consists of soft-
ware, an electronic control unit, and a probe set. 
The system electrically measures current flowing 
between specific acupoints on the hands and feet 
and a handheld reference probe. The software pro-
gram allows data collection at either, the 24 Source 
(Yuan) Points, the 24 Jing-well acupoints, or 24 
Ryodoraku points. Typical usage consists of gather-
ing patient identifying data, applying a water-
moistened cotton electrode probe to the acupoints 
to collect data, and interpreting that data with 
charts, graphs, and recommendations produced 
by the software.
The original Ryodoraku system of measurement 
and treatment developed by Dr. Yoshio Nakatani 
expressed the conductance of each skin point on a 
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Figure 1 (A, B) Yin source points. (C, D) Yang source points.
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scale of 0−200 microamperes (μA). For patient com-
fort and reliability, modern systems use much less 
current, but most have retained the original 0−200 
scale of Ryodoraku. The AcuGraph system uses a 
measurement current of 0−40 μA to measure elec-
trical resistance (R) and then converts resistance 
values to conductance (1/R), and reports normal-
ized conductance units on a scale of 0−200, which 
corresponds to a range of resistance values from 
75 kohms to 2 Mohms.
2.2. Data preparation
As of March 31, 2010 the Miridia Technology, Inc. 
dataset contained SC measurements on 43,088 pa-
tients collected by 804 practitioners in the course of 
performing 117,725 SC examinations at 24 acupoints. 
Included in the dataset are anonymous practitioner 
and patient identification numbers, patient age and 
gender, dates and times of each SC examination, 
values for each of 24 meridian acupoints and six 
summary values for each patient visit. The initial 
dataset of 117,725 SC examinations underwent 
stepwise scrubbing procedures to evaluate only the 
first SC examination on any patient and to exclude 
potentially erroneous data (Figure 2). The first nine 
AcuGraph exams conducted by each practitioner 
were excluded so as to avoid any “practice exams” 
that were conducted while the practitioner was 
gaining competence using the AcuGraph system. To 
exclude examinations with errors in patient data 
entries, only patients aged 0−100 years were in-
cluded. For individual patient examinations to be 
included they also had to have at least two SC ex-
aminations, not conducted on the same day to ex-
clude possible non patient ID numbers. In addition, 
to assure that measurements were recorded from 
skin sites only, any 24 acupoint examinations that 
contained readings of zero, or had 12 or more read-
ings > 200, or had 20 or more readings > 180 were 
excluded. Also excluded were patient examinations 
that contained recordings in which four or more 
acupoints had identical readings. The AcuGraph 3 
Digital Meridian Imaging System computes a cus-
tom score, Personal Integrated Energetics (PIE), 
based on a 0−100 scale. PIE values < 5 were excluded 
Records assessed for
inclusion in data analysis:
• 804 clinicians
• 43,174 patients
• 117,964 exams
• 803 clinicians
• 43,088 patients
• 117,725 exams
Excluded patients with DOB
recorded as after March 31, 2010
or before March 31, 1910
Included first visit for patients who had at
least two visits, not on same day, for Source
(Yuan) point measurements only
Excluded patients with any of the following:
• Any readings of “0”
• 12 or more of 24 readings ≥200
• 20 or more of 24 readings >180
• 4 or more identical meridian readings
• Excluded first 9 exams of all clinicians
 (considered practice with the instrument)
• Excluded “PIE” score less than 5
• 8637 patient exams analyzed
• 311 clinicians
• 545 clinicians
• 37,669 patients
• 100,108 exams
Figure 2 Data preparation to exclude potentially faulty skin conductance examinations and include patient initial 
visits only. DOB = date of birth; PIE = personal integrated energetics.
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because they were unlikely to have been derived 
from true acupoint recordings.
2.3. Statistical analyses
Two sample t tests were used to compare conduc-
tance measures for gender in each age group for each 
meridian acupoint (left and right averaged). Three-
way analysis of variance was used to test differences 
between gender, age groups and time of day for the 
average conductance of all 24 acupoints. A linear 
regression was used to evaluate the relationship 
between age and conductance at acupoints for each 
meridian, by gender. All statistical analyses were 
performed with SAS version 9.1 (SAS Institute, Inc., 
Cary, NC, USA).
3. Results
3.1. Demographics
The final data scrub yielded first SC examinations 
on 8637 patients (6069 females, mean age 49 years, 
and 2568 males, mean age 48 years) for analysis. The 
Source (Yuan) acupoints represented 85.28% of the 
total exams. Age and gender distributions for this 
patient population are depicted in Figure 3.
3.2. Average conductance at 24 acupoints
A single average of the 24 acupoint readings was 
used for the first set of analyses. These analyses 
looked at differences of this measure across three 
factors: gender, seven age groups, and a time of day 
variable. The time of day variable was dichotomous, 
classifying the treatment as occurring before or 
after 1 PM (AM vs. PM). The means, standard devia-
tions and cell sizes for this measure can be seen in 
Table 1. A three-way analysis of variance test was 
completed first, testing the differences between 
the three factors mentioned above. All three main 
effects showed significant differences for this 
summary measure (p < 0.0001 for each), and there 
was one significant interaction between gender 
and age groups (p = 0.002).
Based on the AcuGraph normalized point scale of 
0−200, the average conductance for females was 
86.5 and for males, 98.5. The average SC before 
1 PM was 86.2, and after 1 PM was 93.2. Figure 4 
shows an hourly time of day breakdown for the av-
erage SC measure, indicating where the break was 
made to create the dichotomous variable used in the 
analyses. The SC was higher after 1 PM for all gender 
and age group combinations, except for males over 
70 years of age where the average difference was 
only 1.7 units lower for exams after 1 PM.
Because of the gender and age group interaction, 
age groups were investigated separately for each 
gender. Figure 5 shows a comparison of SC in males 
and females across age groups. SC in females was 
significantly lower than in males for all age groups 
(all p ≤ 0.002), except for the 0−15-year age group, 
where there was no significant difference. Using 
SC at the 0−15-year age group as the reference, 
females showed an overall decline in this mea sure 
from the 0−15-year age group to the 71+ year age 
group of 24.7% compared to 15.7% for males. Most 
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Figure 3 Approximately two thirds of patients who underwent skin conductance examinations were female, except 
in the 0−15 year age group.
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of this decline occurred for females in the first 
four age groups (18.1% decline), while males only 
declined 3.5% up to age 50 years. The decline in 
males and females for this measure from the 41−
50-year age group and higher was almost equal 
when using this age group as a reference (11.3% 
for females and 12.6% for males). Based on the re-
sults of this analysis, we conducted further testing 
to explore the possible contributions of individual 
meridian acupoints to these differences.
3.3.  Gender and age group comparison for 
individual acupuncture meridians
Figure 6 provides an overview of the 12 left/right 
averaged meridian acupoints with both genders and 
all age groups combined, paired to show yin/yang 
differences. To understand the gender differences in 
SC at these acupoints, a secondary analysis was per-
formed with two sample t tests for each meridian 
and age group separately, using an average of the 
Table 1  Summary data for the average normalized skin conductance measurements for the 24 Source (Yuan) 
acupoints by gender, time of day and age groups
 Time of 
Statistic
    Age group (yr)    All age
Gender
 day  0−15 16−30 31−40 41−50 51−60 61−70 71+ groups
Female AM n 59 223 503 582 616 477 287 2747
  Mean  99.78  93.35  90.06  80.99 78.41 80.78 74.20  82.73
  SD  34.72  34.62  34.42  36.03 34.17 34.08 35.67  35.32
 PM n 100 422 609 701 759 465 266 3322
  Mean 106.37 100.13  95.74  88.46 86.08 83.54 76.78  89.65
  SD  35.86  34.38  34.95  34.54 33.98 35.00 33.73  35.21
 AM/PM n 159 645 1112 1283 1375 942 553 6069
 combined Mean 103.92  97.78  93.17  85.07 82.64 82.14 75.44  86.52
  SD  35.48  34.59  34.81  35.41 34.26 34.54 34.75  35.42
Male AM n 60 88 157 216 256 192 163 1132
  Mean 99.57 103.78  95.80  99.72 92.18 89.35 90.23  94.65
  SD  33.96  35.18  32.77  37.05 34.63 34.94 37.62  35.57
 PM n 127 187 222 250 279 234 137 1436
  Mean 109.28 106.35 109.24 104.75 97.39 95.56 88.56 101.58
  SD  34.48  31.02  34.62  34.36 35.32 34.70 35.40  34.91
 AM/PM n 187 275 379 466 535 426 300 2568
 combined Mean 106.16 105.53 103.68 102.42 94.90 92.77 89.47  98.53
  SD  34.52  32.36  34.46  35.68 35.05 34.90 36.57  35.37
Time of day
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N
or
m
al
iz
ed
 s
ki
n 
co
nd
uc
ta
nc
e
un
its
 (
sc
al
e 
0–
20
0)
70
75
80
85
90
95
100
105
110 Hourly change in mean skin conductance
Figure 4 Average skin conductance at 24 acupoints increased in the afternoon, peaking at 4 PM.
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left and right SC for each acupoint. The results of 
the gender comparisons for each acupoint and age 
group are shown in Figure 7 with 95% confidence 
intervals. The 0−15-year age group is not shown 
since there were no significant differences between 
males and females for any of the 12 acupoints. The 
number of acupoints with differences between males 
and females increased with age up to the 41−50-
year age group. The 16−30-year age group had four 
differences (ST (Stomach), KI (Kidney), LR (Liver), 
GB (Gall Bladder)); the 31−40-year age group had 
seven differences (ST, KI, LR, GB, LU (Lung), HT 
(heart), PC (Pericardium); and the 41−50-year age 
group had eleven differences (all acupoints except 
LI (Large Intestine)). The remaining age groups all 
had significant gender differences at nine acu-
points, varying by age group. The 51−60-year age 
group showed gender differences at all acupoints 
except LI, SP (Spleen) and TE (Triple Energizer). 
The 61−70 year age group showed gender differ-
ences at all acupoints except SI (Small Intestine), 
SP and TE. And the 71+ year age group showed gen-
der differences at all acupoints except LI, SI and TE. 
Males had higher SC than females at all acupoints 
except LI, for the 61−70-year age group. Significant 
male/female differences at four acupoints (ST, KI, 
LR and GB) were consistently present in all age 
groups except 0−15 years, and the magnitude of 
the difference for these four acupoints was gener-
ally larger than any of the other differences.
3.4. Skin conductance change with age
Another analysis was done to quantify the relation-
ship between age, as a continuous variable, and SC. 
This analysis used a linear regression with normal-
ized SC units as the dependent variable and age (in 
years) as the independent variable. The regression 
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Figure 5 Average skin conductance at 24 acupoints decreases with age in both males and females, however the rate 
of decline is greater for females in the first 50 years of life.
Source (Yuan) acupoints displayed according to yin/yang pairs
Mean skin conductance for both genders and all age groups (combined)
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coefficient is an indication of the extent to which 
SC declines with incremental years of life. Figure 8 
shows the regression coefficient (normalized SC 
units) for each acupoint (left and right SC aver-
aged), by gender. All coefficients were significant 
with p < 0.0001. Females have a faster rate of SC 
decline than males at 11 of the 12 acupoints (all 
except LI). The chart has been ordered from left 
to right by the magnitude of the differences of SC 
decline coefficients between males and females. 
This ordering naturally separates the acupoints with 
large differences into the foot acupoints on the left 
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Figure 7 Skin conductance (normalized units) differences between genders at 12 left/right averaged acupoints by 
age group, shown with 95% confidence intervals. Acupoints are sorted by magnitude of gender difference. Four merid-
ians (ST, KI, LR, GB) are significantly higher for males in all six age groups shown. The 0−15 year is not shown because 
there were no gender differences. The number of meridian differences between genders increases up to the 41−50 
year age group, with all but LI showing a significant difference, then declines slightly in the older age groups. For all 
significant differences, males have higher conductance, except for LI in the 61−70 year age group. All male/female 
paired meridians with overlapping confidence intervals are not significantly different.
SC at acupoints: gender, age and time influences 21
in Figure 8, and much smaller differences in hand 
acupoints on the right.
4. Discussion
Our specific goals in this data analysis were to 
characterize SC measurements at the 24 Source 
(Yuan) acupoints and to assess the influence of age, 
gender and time of day on these measurements. 
To our knowledge this is the first attempt to report 
SC recordings at acupoints in a patient sample of 
> 8000 individuals. Our age, gender and time of day 
findings for SC measurements at acupoints are sim-
ilar to SC in general, but more comprehensive in 
that we have documented SC characteristics at 
24 skin sites not previously described. The major-
ity of psychophysiology research evaluates SC mea-
surements on the palmar aspects of the hand or 
fingers because SC at these sites is linked to emo-
tional sweating and autonomic nervous system re-
sponsiveness. In contrast, acupuncturists, believe 
that SC at acupoints reflects the underlying condi-
tion of meridians represented at those skin sites 
and do not measure SC at palmar acupoints be-
cause the increased sweat activity confounds the 
measurements. Our long range mission is to deter-
mine if SC at acupoints has unique characteristics 
that are distinct from SC on the body in general, 
and if these differences can be used in the diagno-
sis and treatment of medical conditions. Our im-
mediate goal in this study was to identify any SC 
differences at 24 clinically important acupoints 
between males and females in different age groups 
and at different times of day.
Comparable to reports in the psychophysiology 
literature [18] we found the average SC at the 24 
Source (Yuan) acupoints is higher in males than in 
females, except in the youngest age group (0−15 
years) where there are no significant gender differ-
ences. Also in agreement with psychophysiological 
research, we observed that SC at acupoints de-
creases with age in both genders [19,20]. This 
finding generally coincides with the first clear age-
related changes in the skin of adult humans that ap-
pear between the third and fourth decades of life, 
changes that may be accounted for by a relatively 
sudden decrease in skin thickness and elasticity oc-
curring in the fourth decade [21]. In addition, we 
found significantly higher afternoon SC readings in 
both genders, consistent with increased sympathetic 
autonomic nervous system activity in the afternoon 
[22]. Other investigators’ findings in younger age 
groups conflict with these morning/afternoon dif-
ferences, however. Venables et al, performed EDA 
examinations on 640 Mauritian Island volunteers, 
aged 5−25 years and found significantly higher SC 
in females in the morning, in the cool season. 
However, their female volunteers had higher SC 
than males in the afternoon in the hot season [10].
Unlike previous reports, we scrutinized 24 skin 
sites in detail, and found unexplained between-
acupoint and between-gender differences in our 
study sample. The number of male/female acupoint 
differences increased until age 41−50 years at which 
time SC in 11 of the 12 paired acupoints was statisti-
cally higher in males than females. Starting with the 
51−60 year age group, the number of acupoint SC 
differences decreased slightly to 9 of the 12 me-
ridian acupoints, and stayed at that number in all 
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Figure 8 Acupoints are sorted by the magnitude of the difference in average rate of skin conductance decline with 
age between males and females. Maximum differences in rate of decline between males and females were observed 
in the foot acupoints.
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subsequent age groups. Notably with regard to acu-
puncture theory, four acupoints, (LR, GB, ST, KI) show 
the greatest male/female differences and these dif-
ferences are significantly larger than other acupoint 
differences between genders for all age groups. We 
cannot account for these differences on the basis of 
anatomy alone since, for example, significant gender 
differences were found at the LR acupoint but not at 
the anatomically similar, nearby SP acupoint on the 
foot (Figure 1). Although no other studies have looked 
specifically at SC at the Source (Yuan) points, Rickles 
and Day [23] found that EDA measurements at nearby 
skin sites around the ankle are similar to EDA on the 
plantar surface of the foot. While we did not measure 
acupoints on the plantar surface of the foot, there 
was significant variation between SC on ankle acu-
points (KI3, GB40) and other foot locations, and we 
did not see this level of SC variation at acupoints on 
the hand. In contrast to our data, Richter et al [24] 
recorded skin resistance (reciprocal of conductance) 
on the hand (again with no reference to specific acu-
points) and found four times higher resistance (less 
conductance) on the dorsal than the palmar aspect, 
with a clear line of demarcation between the areas of 
lower and higher resistance. Dorsal/palmar differ-
ences were inconsistent in our study sample. For 
example, the SI 4 and HT 7 acupoints, which are lo-
cated on the dorsal and palmar wrist, respectively 
(Figure 1) had similar SC, while LI 4 had higher con-
ductance (lower skin resistance) than either PC 7 
or HT 7, both located on the palmar wrist.
In addition to absolute differences between males 
and females, SC at different acupoints declined with 
age at different rates in males and females with 
more rapid SC decline for the overall average of the 
24 acupoints in females than in males before age 
50 years. Furthermore, SC in the foot meridian acu-
points of females declines more rapidly than in hand 
meridian acupoints with age. This difference is not 
seen as clearly in males. Our findings of significant 
gender differences in SC decline at acupoints on 
the wrists and ankles warrant further analyses and 
interpretation in the context of both acupuncture 
theory and underlying skin anatomy and physiology. 
We are in the process of conducting these analyses 
and an in-depth discussion will be provided in a 
subsequent publication.
A number of limitations need to be acknowledged 
in this study. Multiple examiners recorded SC mea-
surements on several thousand patients around the 
world. We cannot be assured of the skill of the 311 
examiners or the quality of the 8637 SC measure-
ments. Additionally the AcuGraph software guides 
practitioners to take acupoint measures in a spe-
cific order, with periodic rewetting of the probe tip. 
We attempted to examine possible influences due 
to these procedures. While no obvious distortions 
were evident we cannot say with certainty that the 
order and rewetting did not impact the data. We 
were gratified to find similarities in our data and 
that of the psychophysiology literature which sug-
gests accurate SC readings in our data. Another lim-
itation is that this study cannot ultimately answer 
the question of whether SC at acupoints is different 
from SC in general. This hypothesis could not be 
tested as we have no comparison data on SC col-
lected at non acupoint sites. We are also unable to 
speak to whether SC at acupoints correlates with in-
dividual patient profiles, because the current Miridia 
Technology, Inc. database does not collect diagnos-
tic, treatment or outcome information. Finally, our 
dataset does not represent “healthy individuals” but 
rather comprises a “normative” database of patients 
who sought the services of an acupuncturist.
Despite these limitations, we believe this study 
contributes substantially to existing knowledge on 
SC at acupoints and is important for several reasons. 
As the first comprehensive characterization of SC at 
the 24 Source (Yuan) acupoints in a large patient 
sample we have taken a fundamental step toward 
validating SC at acupoints for use in acupuncture 
research. In addition, we demonstrated that SC at 
acupoints, obtained by more than 300 clinicians can 
be efficiently collected, stored and analyzed, mak-
ing a multisite clinical trial to assess the utility of 
SC at acupoints as an outcome measure entirely fea-
sible. Moreover, we now have demographic data on 
which to base further development of SC at acu-
points as an objective physiological measure. Most 
importantly, from this data we will be able to gener-
ate a number of testable hypotheses to help eluci-
date the mechanism(s) of acupuncture. In a rigorous 
manner we can start to answer questions such as 
these: Do SC measurements at acupoints differ in 
health and disease? Does normalization of SC at 
acupoints correlate with clinical improvement? Do 
specific acupuncture diagnoses correspond with spe-
cific SC patterns at different acupoints? Do specific 
SC patterns at acupoints correlate with western 
medical diagnoses? Are SC levels at acupoints pre-
dictive of health risk?
Our next steps are to modify the Miridia Tech-
nology, Inc. data collecting software, so as to be 
able to document patient diagnoses, treatments and 
outcomes. We will then correlate clinical outcomes 
with SC at acupoints in an observational study of 
patients being treated at the National College of 
Natural Medicine acupuncture clinics.
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